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LASER (Light Amplification through Stimulated Emission of Radiation) is one of the most outstanding inventions of 
the 20th century. In contrast to common light sources, which emit incoherent photons at many frequencies, lasers generate 
coherent radiation at many wavelengths ranging from meter wavelength region to the soft X-rays region. Laser technology 
touches almost every aspects of daily life in the 21st century. Due to remarkable features of lasers such as directionality, 
coherences, monochromaticity and high intensity; they are used in a wide variety of applications in all walks of life starting 
with communications to medicine. This article covers a general overview of ‗LASERS‘ and its current applications. 
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Introduction 
Light has always been a primary communication 
link between man and his environment. Until the 
invention of the laser, the light sources available for 
transmitting information and performing experiments 
were generally neither monochromatic nor coherent, 
and were of relatively low intensity. Lasers are 
amazing and powerful light source. A laser is a 
photonic device that amplifies light and produces a 
highly directional, high-intensity coherent radiation. 
Laser is very much different from the traditional light 
sources and it is not used for illumination. The 
difference between ordinary light and laser light is 
like the difference between ripples in your bathtub 
and huge waves on the sea. It comes in sizes ranging 
from approximately one-tenth the diameter of a 
human hair to the size of a very large building, in 




 W, and in 
wavelengths ranging from the microwave to soft 







. In addition, lasers have very 
high pulse energies i. e. up to 10
4
J with very short 
pulse durations i. e. 10
-16
s. Nowadays, lasers are 
indispensable tools for investigating physical 
processes in different areas ranging from atomic and 
plasma physics to nuclear and high energy physics. 
This has been possible mainly due to the continuous 
progress made along two specific directions: decrease 
of the laser pulse duration and increase of the laser 
peak intensity. The progress in laser technology has 
led to light sources delivering pulses of femtosecond 





. Figure 1 shows the development of lasers 
since its invention. 
Outline History of the Development of Lasers 
In 1917, Einstein
4-5
 proposed the process that 
makes lasers possible, called stimulated emission. He 
theorized that, besides absorbing and emitting light 
spontaneously, electrons could be stimulated to emit 
light of a particular wavelength. But it would take 
nearly 40 years before scientists would be able to 
amplify those emissions, proving Einstein correct and 
putting lasers on the path to becoming the powerful 
and ubiquitous tools they are today. During this 
period, engineers began to utilize this principle for 
—————— 
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practical purposes. At the onset of the 1950‘s several 
different engineers were working towards the 
harnessing of energy using the principal of stimulated 
emission. It leads to the invention of MASER 
(Microwave Amplification by the Stimulated 
Emission of Radiation), a device that amplified 
microwaves as opposed to light and soon found  
use in microwave communication systems
6-7
. It was 
Einstein‘s theoretical understanding of the 
interactions between light and matter that paved the 
way for the first laser. However, it was not until 1960 
that the first working optical ruby laser was built by 
Maiman
7
. Over the past 60 years, the laser has 
evolved considerably, and many new varieties have 
been developed
8-10
. Due to their extreme versatility, 
lasers have become invaluable tools across a 
multitude of applications. The brief history of the 
development of lasers
9
 is given in Table 1. 
 
Properties of Laser Light 
The significant feature of a laser is the enormous 
difference between the character of its light and the 
light from other sources such as sun, a flame or an 
incandescent. The striking features of lasers are: 
 
Monochromaticity 
The luminous waves emitted come out with the same 
wavelength and energy. A single wavelength or a 
narrow band of wavelengths emitted allows precise 
targeting within tissue, while sparing adjacent structures. 
 
Brilliancy 
The light beam emitted is extremely intense and 
angularly well centred. The brightness or intensity is one 
of the important properties and can be enhanced by 
techniques like pulsing and Q-switching where extremely 
high peak power can be delivered in nanoseconds. 
 
Coherency 
All the photons emitted vibrate in phase agreement 
both in space and time. Coherence is a measure of 
precision of the waveform. Highly coherent laser 
beam can be more precisely focused. 
 
Directionality 
All the photons travel in Uni direction. 
Directionality of the laser correlates with the emission 
of an extremely narrow beam of light that spreads 
slowly. Within the laser apparatus, efficient 
collimation of photons into a narrow path results in a 
divergence factor of approximately 1 mm for every 
meter travelled. Directionality allows the laser beam 
to be focused on a very small spot size. 
 
Difference between Laser Light and Ordinary Light  
Table 2 and Figure 2 show the difference between 
laser light and ordinary light. 
Table 1 — 50 Years of Lasers Timeline. 
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Fig. 2 — Difference between ordinary light and Laser light2. 
 
Principle of Lasers 
In this section, the basic principles involved in the 
generation of laser are described. In order to 
understand the basic laser operation, the knowledge of 
some important terms like stimulated absorption, 
spontaneous emission, and stimulated emission is 
indeed necessary. It is well known that atoms and 
molecules can exist only in certain energy states. The 
state of lowest energy is called the ground state; all 
other states have more energy than the ground state 
and are called excited states. Each excited state, of 
which there are many, has a fixed amount of energy 
over and above that of the ground state. Under 
ordinary conditions, almost all atoms and molecules 
are in their ground states. Three types of processes are 





In this process, an incoming photon excites the 
atomic system from a lower energy state into a higher 
energy state. This is called stimulated absorption. It is 
called stimulated absorptions because of the fact that 
the atoms absorb the incident energy at certain 
frequencies only. Stimulated absorption occurs when 
a photon strikes an atom with just exactly the proper 
energy to induce an electronic transition between two 
energy states. In case a broadband light is incident on 
a given two level atomic system, we can observe that 
the complete spectrum is not absorbed but only 
certain discrete lines are absorbed depending on the 
difference in their energy levels. This process reduces 
the lower level population and, in the process, 
increases the upper level population.  
Probability of stimulated absorption depends on:  
 Number of atoms present in the lower energy state. 
 Intensity of incident light 
The population or the number of atoms in states 
E1 and E2 at any time would be N1 and 
N2 respectively. When radiation passes through a 
material, it is absorbed according to: 
Ix = I0e
-αx
                … (1) 
where Ix is the radiance after traveling distance x 
through the material with absorption coefficient as a 
and I0is the initial intensity of light. The absorption 
depends on the population difference between N1 and 
N2 and the refractive index of the medium.  
The rate of stimulated absorption, R12, from level 1 to 
2 is given as: 
R12 = B12 N1 ρ                      … (2) 
where B12 is the Einstein's coefficient for stimulated 




J, N1 is the 
population in the ground state and ρ is the energy 
density per unit frequency of the incoming photons.  
Spontaneous Emission 
Once the atom or molecule has been produced in 
its excited state, there is a probability that it will emit 
radiation again and return to a lower energy state. 
This lower energy state may be either the ground state 
or still one of the excited states but having lower 
energy level. In the process, a photon is emitted. In 
this emission process, where the atoms spontaneously 
go to a lower energy state through the emission  
Table 2 — Distinction between Laser light and ordinary light. 
Laser light Ordinary light 
It is highly coherent. Lasers emit light coherently in space and time. It is incoherent in nature. 
There coherence length as of the order of few km (Kilometer). There coherence length as of the order of few mm (Millimeter). 
It is travel in only one direction, which is parallel to the optic axis. Intensity of ordinary light decreases with distance as it travels in 
form of short pulses of small length and short duration. 
It is highly monochromatic as it travels in form of large length and 
long duration. 
It is not strictly monochromatic as it travels in form of short 
pulses of small length and short duration. 
Spread of plane wave front is less hence they spread least i.e. their 
divergence is less. 
Spread of spherical wave font is more hence they spread heavily 
i.e. their divergence is more. 
 




of a photon is called spontaneous emission or 
fluorescence. This emission process is a random one 
and the emitted light goes off in all directions, and the 
wave properties of the light are randomly out of  
step with each other and thus are incoherent. The 
probability of spontaneous emission depends on the 
number of atoms available in the excited state.  
The rate of spontaneous emission, R21, from level 2 
to 1 is given as: 
R21 = A21 N2                … (3) 
where A21 is the coefficient of spontaneous emission 
and has the unit of s
-1
, N2 is the number of atoms  
in level 2.  
Stimulated emission 
Spontaneous decay of the upper level takes place in 
the absence of an electromagnetic field and the rate is 
proportional to the population of that level and thus 
does not depend on the intensity of the excitation 
source. It is purely a statistical phenomenon related 
with time and space and is dependent on the lifetime 
of the excited state. If the transition lifetime is very 
large, it is considered as a forbidden transition.  
Excited atoms can lose their energy not only by 
spontaneous emission, but also by induced or 
stimulated emission and therefore the emission output 
of the system consists of spontaneous and stimulated 
emissions. The probability of stimulated emission is 
proportional to the intensity of the energy density of 
external radiation and the induced emission has a firm 
phase relationship with it, unlike spontaneous 
emission. Since the spontaneous photons have no phase 
relations with each other, the output is incoherent. But 
stimulated emission has the same phase, direction, 
spectral and polarization properties as the stimulating 
field and both are indistinguishable in all aspects. 
Consequently, the laser output is coherent. 
Probability of Stimulated emission depends on:  
 Number of atoms available in the excited state  
 Intensity of the incident light  
The rate of stimulated emission, R21, from level 2 
to 1 is given as: 
R21 = B21 N2 ρ                … (4)  
where B21 is the Einstein's coefficient for stimulated 




J, N2 is the 
population in the excited state and ρ is the energy 
density per unit frequency of the triggering photons.  
Einstein established the relationship between these 
three processes by the following way: 
Absorption = spontaneous emission + stimulated 
emission              … (5) 
i.e. B12N1 ρ = A21N2 + B21N2 ρ  




B21 = B12     ………… (6) 




               … (7)  
Equations (6) and (7) are known as Einstein‘s 
Relations. 
As B21 = B12= A21 c
3 
/8πh
3   
            … (8) 
Equation (8) gives the relationship between the A 
and B coefficients. 
These coefficients are associated with the 
interaction of radiation with two specific energy 
levels, where the radiation has the exact frequency 
corresponding to energy separation between the two 
levels
12-14
 as shown in Fig. 4. 
From the above discussion, it may be concluded that 
 The probability of stimulated emission is 
numerically equal to probability of stimulated 
absorption. So stimulated emission is inverse process 
of absorption.  
 Their rates are different because stimulated 
emission is proportional to number of atoms present 
in excited state while stimulated absorption is 









 The coefficient of stimulated emission (B21) is 
inversely proportional to the third power of frequency 
of radiation. 
 The probability of stimulated emission is more 
compared to spontaneous emission in microwave 
region. 
  The probability of stimulated emission is 
negligible compared to spontaneous emission in 
visible region. 
All the three processes occur simultaneously within 
a medium. However, in thermal equilibrium, 
stimulated emission does not account to a significant 
extent. The reason is there are far more electrons in 
the ground state than in the excited states. And the 
rates of absorption and emission is proportional the 
number of electrons in ground state and excited  
states, respectively. So, absorption process dominates. 
Population inversion is required in laser so that 
stimulated emission is more probable than induced 
absorption 
Population inversion 
The above discussion implies that in a two-level 
system the number of atoms in the excited state can 
never exceed the number in the ground state and 
hence can never work as a laser. If the system is to act 
as a laser, an incident photon must have a higher 
probability of causing stimulated emission than of 
being absorbed i.e. the rate of stimulated emission 
must exceed that of absorption. In other words, if the 
higher energy state has a greater population than the 
lower energy state, i. e., N2>N1, then the light in the 
system undergoes a net increase in intensity (Fig. 5). 
This non equilibrium process is called population 
inversion
13
. But this process cannot be achieved by 
only two states, because the electrons will eventually 
reach equilibrium with the de-exciting processes of 
spontaneous and stimulated emission. 
 
 




Fig. 6 — Existence of metastable state11. 
 
(i) Metastable states 
To achieve population inversion, we must have 
metastable states. These are excited states where 
electrons stay for unusually long time‘s i. e. 10
-6
 to  
10
-3




times longer than the time  
of stay at excited states. 
If the metastable states do not exist, there could be 
no population inversion, no stimulated emission and 
hence no laser operation. Thus, the foundation of the 
laser operation is the existence of metastable states 
(Fig. 6). 
Pumping 
The phenomenon of achieving population 
inversion, i.e the process which raises the atoms from 
lower energy state to higher energy state in the active 
medium is called pumping. Following methods are 
used for pumping: 
Optical pumping a light source is used to supply 
luminous energy and create population inversion by 
optical photon. 
Electrical pumping electrical discharge converts the 
gas medium into plasma which liberates electrons 
which, in turn, are accelerated by the strong electric 
fields present in the tube. These electrons, on collision 
 
 
Fig. 4 — Spontaneous and simulated processes in a two-level 
system12. 
 




with neutral gas atoms, makes some atoms jump to 
excited state.  
Chemical pumping an exothermic chemical reaction is 
used to produce energy.  
X-rays pumping In some cases, atoms of solids can be 
excited by X-ray beam and pumping can be achieved. 
 
Methods for Obtaining Population Inversion 
The three level system 
Consider a three-level laser system
11 
involving 
three energy levels with energies E1, E2, and E3, and 
populations N1, N2, and N3, respectively. Figure 7(a) 
depicts the schematic of three-level system. In this 
system E1 < E2 < E3, the ground state is E1 and laser 
action occurs between E2 and E1. The atoms are 
pumped from the ground state E1 to higher state E3 
with the help of pumping source. The E3 is called 
pumping state. The life time of atoms is least  
in the energy level E3. It means E3 is unstable stable 





Atoms make transition from level E3 to E2. Energy 





 seconds). Thus, population of atoms 
becomes more in the energy state E2 as compared to 
E1.The stimulated emission occurs between E2 and  
E1 producing laser. E2 is known as upper laser level 
and E1 is known as lower laser level. 
The example of three level laser is ruby laser. 
 
Drawback of three level laser system 
In the three-level laser system, the terminal level is 
ground level and hence more than half of the atoms are 
to be transferred to level E2. This requires more pumping 
power. If the difference of atoms in two levels is small, 
the power required is also small. But the presence of 
large number of atoms in level E2 give rise to large 
number of spontaneous radiations less transitions. This 
energy is usually carried by lattice photons due to which 
the efficiency of three level laser system is less. 
(ii) The four-level system 
The four-level laser system
11
 is shown in Fig. 7(b), 
which is characterized by four energy levels, with 
energies E1, E2, E3, E4 and populations of N1, N2, N3, 
N4 respectively. Their energies increase for each level 
so that E1< E2< E3< E4. In this system, the atoms from 
ground state E1 are raised to excited state E4 with the 
help of pumping. From the E4, the atoms decay to 
energy state E3 by spontaneous emission i. e. non-
radiative transition (Ra). The transition rate of atoms 
from E4 to E3 is much faster as compared to transition 
rate of atoms from E3 to E2. This is due to the reason 
that E4 is an excited state with life time of the atoms 
of the order of 10
-8
 seconds. E3 is the metastable state. 
Thus, the number of atoms in E3 exceeds the number 
of atoms in E2. The population inversion is achieved 
between E3 and E2. The laser action takes place 
between E3 and E2 by stimulated emission. The atoms 
from energy state E2 get de-excited to E1 i. e. non-
radiative decay (Rb). The atoms from E1 are again 
pumped to E2. 
Example: Helium-Neon laser is four level laser 
systems. 
 
Advantage of four level lasers 
The rate of relaxation of the atoms from E2 to E1 
should be faster than the rate of arrival of atoms from 
E4 or E2.This is required for better efficiency of laser 
system. Thus, four level lasersare better than three 
level lasers. 
 
Construction of a laser  




(i) there must be a meta stable state in the system. 
(ii) The system must achieve population inversion. 
(iii) The photons emitted must be confined in the 
system for a time to allow them further 
stimulated emission. 
The essential components of a laser are: 
 
 






Laser medium is the heart of the laser system and is 
responsible for producing gain and subsequent 
generation of laser. It can be a crystal, solid, liquid, 
semiconductor or gas medium and can be pumped to a 
higher energy state. The material should be of 
controlled purity, size and shape and should have the 
suitable energy levels to support population inversion. 
In other words, it must have a metastable state to 
support stimulated emission. 
 
External energy source 
Absorption of the energy by the atoms, electrons, 
ions or molecules as the case may be, of the active 
medium is a primary requisite in the generation of 
laser. In order to excite these elements to higher 
energy levels, an excitation or pumping mechanism is 
necessary. It is well known that under the equilibrium 
state, as per Boltzman‘s conditions, higher energy 
levels are much less populated than the lower energy 
levels. One of the requirements of laser action is 
population inversion in the levels concerned. i.e. to 
have larger population in the upper levels than in the 
lower ones. Otherwise absorption will dominate at the 
cost of stimulated emission. There are various types 
of excitation or pumping mechanisms available, the 
most commonly used ones are optical, electrical, 
thermal or chemical techniques, which depends on the 
type of the laser gain medium employed.  
 
Optical resonator 
Optical resonator plays a very important role in the 
generation of the laser output, in providing high 
directionality to the laser beam as well as producing 
gain in the active medium to overcome the losses due 
to, straying away of photons from the laser medium, 
diffraction losses due to definite sizes of the mirrors, 
radiation losses inside the active medium due to 
absorption and scattering etc. In order to sustain laser 
action, one has to confine the laser medium and the 
pumping mechanism in a special way that should 
promote stimulated emission rather than spontaneous 
emission. In practice, photons need to be confined in 
the system to allow the number of photons created by 
stimulated emission to exceed all other mechanisms. 
This is achieved by bounding the laser medium 
between two mirrors as shown in Fig. 8. On one end 
of the active medium is the high reflectance mirror 
(100% reflecting) or the rear mirror and on the other 
end is the partially reflecting or transmissive mirror or 
the output coupler. The laser emanates from the 
output coupler, as it is partially transmissive. 
Stimulated photons can bounce back and forward 
along the cavity, creating more stimulated emission as 
they go. In the process, any photons which are either 
not of the correct frequency or do not travel along the 
optical axis are lost.The strength of the exiting laser 




In optical resonator, two conditions must be 
satisfied for oscillations to occur: 
(i) The amplifier gain must be greater than the loss in 
the feedback system to compensate for the energy 
loss in the closed positive feedback system. 
(ii) The total phase shift in a single round trip must be 
a multiple of 2.  
 
Action of optical resonator 
The successive stages of the action of an optical 
resonator are depicted in Fig. 9. The pump source 
provides the energy (thermal, electric, or optical [eg, a 
flash lamp]) for absorption by the active medium. 
When the active medium is pumped with sufficient 
energy, a population inversion occurs, causing the 
spontaneous emission of photons. Some of these 
photons are reflected back and forth between the 
mirrors (others are dissipated as heat) and then collide 
with atoms in the excited state; these collisions 
subsequently stimulate the emission of radiation. As 
other photons collide with excited atoms, energy 
within the resonator builds and is amplified by 
reflections between the parallel mirrors. At the front 
output mirror, a portion of the energy is permitted to 
escape. This energy is in the form of an intense beam 
of monochromatic (same wavelength), collimated 
(parallel, non-diverging), and coherent (same direction) 
light.The transmitted part forms the laser output.  
The output of a laser may be a continuous constant-
amplitude output (known as CW or continuous wave); 
or pulsed, by using the techniques of Q-switching, 
model-locking, or gain-switching.The continuous 
 
 
Fig. 8 — Basic laser system11. 




wave laser emits a continuous beam, while the pulsed 





Types of Lasers and Applications 
Lasers are divided into the following manner 
according to the gain medium: 
Gas lasers  
(i) He-Ne Laser: The helium-neon laser is a 
continuous wave (CW) laser that emits laser light in 
the visible portion of the spectrum. The active 
medium of a helium–neon laser is a mixture of helium 
and neon gases, which consists of a mixture of 85% 
helium and 15% neon inside of a small electrical 
discharge. He-Ne laser is pumped by high-voltage dc 
electric discharge at about 10 kV. It is operated at a 
wavelength of 632.8 nm in the red portion of the 
visible spectrum. He-Ne lasers are widely used in 
various applications such as Interferometry, 
holography, spectroscopy, barcode scanning, 
alignment, optical demonstrations. 
(ii) Argon Laser: The active medium used in Argon 
laser is ionized gas, which is operated at relatively 
shorter wavelengths. The main component of an 
argon ion laser is an argon-filled tube in which an 
intense electrical discharge between two hollow 
electrodes generates a plasma with a high density of 
argon (Ar
+
) ions. This laser emits wavelengths of 488 
nm (blue) and 514 nm (green). Argon gas lasers are 
used in many applications such as forensic medicine, 
entertainment, general surgery, ophthalmic surgery, 
holography and as an optical ―pumping‖ source. 
(iii) Carbon dioxide laser: The active medium of 
CO2laser is mainly consisting of carbon dioxide 
(CO2), helium (He), nitrogen (N2). This laser is 
electrically pumped via an electrical gas discharge. 
The CO2 laser emits invisible infrared light at a 
wavelength of 10,600 nm. CO2 lasers are widely used 
for laser material processing as well as laser surgery 
(including ophthalmology) and range finding. 
(iv) Excimer laser: Excimer lasers emit very 
concentrated light in the ultraviolet (UV) region. The 
active medium of excimer laser consisting of a 
compound of noble gases such as argon, krypton, 
halogen, xenon etc. This laser is pumped with short 
(nanosecond) current pulses in a high-voltage electric 
discharge. Typical examples of excimer lasers and 
their wavelength are: ArF excimer lasers (193 nm), 
KrF excimer lasers (248 nm), XeCl excimer lasers 
(308 nm), and XeF excimer lasers (351 nm). These 
lasers are used in Ultraviolet lithography (for 
semiconductor chip production) and laser surgery. 
 
Solid State Lasers 
(i)  Ruby laser: Ruby laser is the world's first laser 
that was invented by Theodore Maiman in 1960. 
Ruby crystal is composed of aluminium oxide ((i.e. 
sapphire) containing chromium ions. The active 
material in the Ruby is chromium ion. Ruby laser is 
pumped via flash lamps. It is the pulsed laser  
that emits visible red radiation at a wavelength  
of 694.3 nm. Ruby laser is used as a high-power 
source of pulse coherent radiation in interferometry 
and in pulsed holography. It is used for drilling  
brittle material, soldering, welding, and in range 
finding. Some Q-switched ruby lasers are used for 
diamond drilling. 
(ii) Nd:YAG laser: Nd:YAG (Neodymium-doped 
Yttrium Aluminium Garnet, Nd:Y3Al5O12) laser is a 
 
 







solid state laser in which Nd: YAG is used as a  
laser medium. Neodymium (Nd) is the active laser 
medium in this laser system. The lasing medium is 
pumped by a high intensity lamp or laser diodes. 
Nd:YAG lasers are operated in both pulsed and 
continuous mode. This laser emits light of wavelength 
of 1064 nm in the near-infrared region. The efficiency 
of Nd:YAG laser is very high as compared to the ruby 
laser. This laser is used in many applications such as 
ophthalmology, oncology, primary and secondary 
malignant liver lesions and skin cancer. This laser also 
used for flow visualization techniques in fluid 
dynamics and in laser rangefinders and laser 
designators. ND: YAG lasers is used as pumping 
tunable visible light lasers. Moreover, it is used for 
research applications such as mass spectrometry, 
remote sensing and Raman spectroscopy. 
(iii)  Erbium doped glass lasers: In this laser 
system, trivalent ion of erbium (Er
3+
) isused as the 
dopant for a number of glass and crystal lasers. 
Erbium is doped onto a glass substrate of silica or 
phosphate and used for bulk lasers, amplifiers and 
fiber lasers. Erbium-doped lasers require significant 
excitation density of the ions, which exhibits a high 
threshold of pump laser power. Erbium-doped glass 
lasers are operated at 1.53-1.56 µm wavelength, 
which are useful for medicine and biology, optical 
communication and eye-safe range finder systems. 
These lasers are also known as ‗eye safe‘ lasers 
because their emission wavelengths are absorbed by 
the eye lens and do not reach the retina. This laser is 
extant in rod, plate, chip and optical fiber forms. 
(iv) F-center laser: F-center is the kind of point 
defect in the crystals of alkali halides. When crystals 
of Alkali Halides are exposed by high energy 
radiation, point defects are created within the crystal, 
which add more energy levels to the atoms in the 
crystal. These extra energy levels can cause optical 
absorption at specific wavelengths, adding color to 
the transparent Alkali Halides. These colors gave  
the name colorcenter lasers to these lasers. The active 
medium of this kind of laser is an alkali-halide 
crystal, which are appropriately doped and coloured. 
Such lasers are pumped via electrical current.  
The color of F-center lasers depends on the number  
of F-center in the compound. NaCl is a very good 
example having F centres. F-center lasers are  
operated in mid infrared to far infrared frequency. 
These lasers are used for research and spectroscopy 
applications. 
3 Metal-vapor Lasers 
(i) Helium-cadmium (HeCd) metal-vapor laser: 
He-Cd laser is a gas laser that generates ultraviolet 
wavelengths. It is a metal-vapor laser where He 
(helium) and Cd (cadmium) are used as laser active 
media. The lasing element in He-Cd lasers is 
cadmium. The Excitation energy for the He-Cd laser 
is given by a direct-current discharge passing  
through the laser tube. He-Cd lasers are continuous-
wave sources for violet (442 nm) and ultraviolet  
(325 nm) output. Helium cadmium lasers are 
extensively used for various applications such as 3-D 
stereolithography, exposing holographs, embossed 
holography, CD mastering, diffraction grating 
fabrication, spectroscopy, non-destructive testing and 
microlithography. 
(ii) Copper vapor laser: The copper vapour laser 
(CVL) is a short pulse laser, which produces green 
laser light at 510.6 nm and yellow laser light at 578.2 nm. 
The lasing element in CV lasers is copper vapours 
comes from pieces of copper placed in the discharge 
tube, which is heated to about 1500°C to produce 
vapour at about 0.1mbar pressure. Such lasers require 
a high-voltage pulsed power supply. This laser has 
excellent power stability, good beam quality, and a 
long operational lifetime. Due to excellent beam 
characteristics of CV laser, it is used for high 
precision micromachining of materials and in laser 
cutting applications.hey are also used in high-speed 
photography, dermatological applications and to 
excite tunable dye lasers. 
 
Other types of Lasers 
(i)  Dye lasers: Dye is basically a liquid material that 
is used as an active medium in dyelasers. In dye 
lasers, rhodamine B, sodium fluoresein and rhodamie 
6G dye are used, which emit coherent light of 
different frequencies. Dye lasers are pumped at 
relatively short wavelengths through green laser, 
ultraviolet light, excimer laser, nitrogen laser, copper 
vapor laser as well as flash lamps. Dye lasers produce 
wide range of emission wavelengths from the 
ultraviolet to the near-infrared region. Dye lasers 
cover the visible spectrum entirely. These lasers  
are mostly used as a research tool in medical 
applications. They are also used in isotope separation 
and to study the absorption and emission spectra of 
various materials. 
(ii)  Free electron laser: Free electron lasers (FELs) 
are sources of synchrotron radiation, which produce 




radiation of a short-wavelength(down to few tenths of a 
nanometre).Free-electron lasers are accelerated by 
electron accelerator, where a beam of relativistic 
electrons passes through a transverse magnetic field 
produced by a magnet (called an undulator) which 
exchanges energy with an electromagnetic radiation 
field. The lasing medium of free electron lasers is a 
relativistic electron beam. They are powered by 
klystrons, which require a high-voltage supply. These 
lasers are operated in the far-infrared region. Free 
electron lasers are useful in many applications, 
including fields such as atomic and molecular physics, 
ultrafast X-ray science, advanced material studies, 
ultrafast chemical dynamics, biology and medicine. 
Detailed descriptions of these lasers and their 




Applications of Lasers 
Lasers find applications in various fields of science 




Measurement and analysis 
Measurement and analysis have been transformed 
by the laser. Surveyors use lasers to mark out roads 
and construction sites, the military use them to 
determine the position of targets and even NASA has 
utilized lasers to measure the distance of the Moon 
from the Earth. Laser analysis of chemical and 
physical structures has allowed factories to manage 
quality control efficiently. Laser techniques have been 
adopted by aluminium manufacturing plants to 
monitor accurately the proportion of constituent 
metals in alloys. They also play a crucial role in  
the inspection of pharmaceuticals. 
 
Defence and national security  
The world is on high alert for potential terrorist 
attacks, and security is of high priority. Detecting 
explosives and biochemical hazards are just a  
few examples of how lasers can strengthen our 
national security. 
 
Medicine and health  
Only one year after its invention, the laser was 
being applied in a medical procedure. This happened 
in December 1961 at the Columbia Presbyterian 
Hospital, where a ruby laser was used to destroy an 
eye tumour. Today, lasers are commonly employed in 
most medical disciplines, including dermatology, 
dentistry, cardiology, neurosurgery and eye surgery, 
because of their ability to deliver high precision 
treatments, whilst remaining minimally invasive. 
Laser-based therapies and diagnostic methods 
represent an area of huge future potential. 
 
Energy  
Lasers can generate extreme pressures and 
temperatures, and so can be used to ignite nuclear 
fusion – the same process that powers our Sun. 
Research into laser-driven fusion is currently 
underway and promises to address our increasing 
demands for energy. In addition, scientists are 
exploiting lasers in the development of solar cells. 
 
Communications  
Long-distance telecommunications and broadband 
internet both depend on the transmission of light 
pulses along optical fibres. These light pulses are both 
generated and relayed via lasers. This revolutionary 
method of communication is replacing less efficient 
copper wire-based networks and is the foundation of 
the internet and information age. 
 
Environment and climate  
Climate change is one of our most immediate 
challenges. Deforestation and the burning of fossil 
fuels are the likely causes for the increased 
concentrations of greenhouse gases in the Earth‘s 
atmosphere. Lasers can be used to analyses the 
concentrations of these gases and even to monitor 
their effects on ecosystems.  
 
Manufacturing  
Lasers are employed across the manufacturing 
industry as tools capable of delivering intense cutting 
or welding power with high precision. Their ability to 
manipulate and transform materials makes them ideal 
for the automobile, computer and clothing industries – 
to name but a few. In fact, it is difficult to find a 
modern consumer product that has not seen a laser 
during its manufacturing. 
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